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BASIC -ABSTRACT: 

NOVELTY - A luminous layer positioned between an anode and a cathode, 
is formed 

on a substrate. A hole injecting layer is formed between the 

luminous layer ' ' ' 

and the anode . 

DETAILED DESCRIPTION - The hole injecting layer formed between 
luminous layer 

and anode, contains an aromatic amine-containing macromolecule having 
repeating 

unit(s) of formula (I), and an electron accepting compound. 
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- [C (Rl) (R2 ) -C (R3 ) (Arl -N (Ar2 ) (aR3 ) ] - (I) 

(Arl = divalent (un) substituted aromatic residue; Ar2 f Ar3 = 
(un) substituted 

aromatic ring; Rl, R2 , R3 = H, halo, (un) substituted alkyl 
(un) substituted 

alkoxy, or (un) substituted aryl) . 

USE - In flat panel displays for an office computer, wall -mounted 
television 

set, light sources for copying machine, liquid crystal display, 
measuring 

instruments, display board, marker lamp. 

ADVANTAGE - Device allows high luminous efficiency driving at low 
voltage, and 

good heat resistance. Hole injecting layer has no absorption at 
visible light 

region, allowing use for full color display. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thin film mold device which emits light, applying 
electric field to the luminous layer which consists of an organic compound in detail about organic 
electroluminescence devices. 
[0002] 

[Description of the Prior Art] Although what doped Mn which is an emission center, and rare earth 
elements (Eu, Ce, Tb, Sm, etc.) is common to ZnS, CaS, SrS, etc. which are the II-VI group compound 
semiconductor of an inorganic material as an electroluminescence (EL) component of a thin film mold 
conventionally As for the EL element produced from the above-mentioned inorganic material, 1 
alternating current drive has [ the need (generally 50-1000Hz) and 2 driver voltage ] the trouble which 
has a problem difficult [ the high (about / Generally 200 / V) formation of 3 full color ], and especially 
blue that the cost of 4 circumference drive circuits is high. 

[0003] However, development of the EL element using an organic thin film came to be performed in 
recent years for amelioration of the above-mentioned trouble. In order to raise luminous efficiency 
especially, the class of electrode is optimized for the purpose of the improvement in effectiveness of the 
carrier impregnation from an electrode. By development (Appl.Phys.Lett, 51 volumes, 913 pages, 1987) 
of the organic electroluminescence devices which prepared the electron hole transportation layer which 
consists of aromatic series diamine, and the luminous layer which consists of the aluminum complex of 
8-hydroxyquinoline An extensive improvement of luminous efficiency is made as compared with the EL 
element using single crystals, such as the conventional anthracene, and the practical use property is 
approached. 

[0004] Development of the electroluminescence devices which used polymeric materials other than the 
electroluminescence devices using the above low-molecular ingredients, such as Pori (p- 
phenylenevinylene), Pori [2-methoxy-5-(2-ethylhexyloxy)-l, 4-phenylenevinylene], and Pori (3-alkyl 
thiophene), and development of the component which mixed a low-molecular luminescent material and 
a low-molecular electronic transition ingredient to macromolecules, such as a polyvinyl carbazole, are 
also performed as an ingredient of a luminous layer. 

[0005] By the way, the biggest technical problem of organic electroluminescence devices is a life at the 
time of a drive, and generating of the fall of luminescence brightness, the power surge at the time of a 
constant current drive, and a nonluminescent part (dark spot) etc. is mentioned as development of the 
instability at the time of a drive. Although some causes of such instability exist, degradation of the thin 
film configuration of an organic layer is dominant. It is thought that degradation of this thin film 
configuration originates in crystallization (or condensation) of the organic amorphous film by generation 
of heat at the time of a component drive etc. About especially the rise of driver voltage, contact of an 
anode plate and an electron hole transportation layer is important. 

[0006] Then, in order to raise contact of an anode plate and an electron hole transportation layer, a hole 
injection layer is formed among both layers, and reducing driver voltage is examined, as conditions 
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required of the ingredient used for this hole injection layer, contact to an anode plate is good, can form a 
uniform thin film, and stability, i.e., the melting point, and glass transition temperature Tg are thermally 
high - desirable ~ The melting point of 300 degrees C or more It is required that it should have Tg 100 
degrees C or more. Furthermore, it is mentioned that ionization potential is low and the hole injection 
from an anode plate is easy and that hole mobility is large. 

[0007] The various things also as an ingredient of a hole injection layer are examined conventionally. 
For example, a porphyrin derivative and a phthalocyanine compound (JP,63-295695,A), Star bust mold 
aromatic series triamine (JP,4-308688,A), A hydrazone compound (JP,4-320483,A), the aromatic series 
diamine derivative of an alkoxy permutation (JP,4-220995,A), p-(9-anthryl)-N and N-G p - A tolyl 
aniline, poly thienylene vinylene and Polly p-phenylenevinylene, Metallic oxides, such as an organic 
compound and spatter carbon film, such as the poly aniline, and a banazin san ghost, ruthenium oxide, a 
molybdic-acid ghost, etc. are reported. 
[0008] 

[Problem(s) to be Solved by the Invention] However, in the approach of inserting a hole injection layer 
between an anode plate and an electron hole transportation layer, when a porphyrin derivative and a 
phthalocyanine compound are used as a hole injection layer, the spectrum of component original 
changes for the light absorption by these film itself, or there is a problem of becoming less transparent 
[ carry out exterior coloring and ]. 

[0009] In a star bust mold aromatic series triamine, hydrazone compound, aromatic series diamine 
derivative [ of an alkoxy permutation ], p-(9-anthryl)-N, and N-G p-tolyl aniline, since the advantage 
that ionization potential is low and transparency is good has low glass transition point and melting point 
of a certain thing, it is inferior to thermal resistance, and the stability over partial heating at the time of a 
continuation drive is bad, and a brightness fall and a power surge become a problem. 
[0010] On the other hand, there is that no polymer system ingredients, such as poly thienylene vinylene, 
Polly p-phenylenevinylene, and the poly aniline, report low-battery-izing of driver voltage and an 
improvement of a drive life. 

[001 1] It is the big problems as the light source of the back light of facsimile, a copying machine, and a 
liquid crystal display etc. that the electrical potential difference at the time of the drive of organic 
electroluminescence devices is high and that stability including thermal resistance is low, and they are 
not especially desirable as display devices, such as a full color flat panel display. 
[0012] Therefore, this invention continues at a long period of time, it can be made to drive with a low 
battery and high luminous efficiency, a stable luminescence property can be maintained and it has good 
thermal resistance, moreover, does not have the problem of change of the spectrum of component 
original, or coloring by light absorption, and aims at offering usable organic electroluminescence 
devices effectively also as a component for a full color display. 

[0013] In addition, this invention persons have proposed previously the organic electroluminescence 
devices which are the same purposes and used the aromatic series diamine content polyether of specific 
structure for the hole injection layer (Japanese Patent Application No. No. 130339 [ ten to ]). 
[0014] 

[Means for Solving the Problem] The organic electroluminescence devices of this invention are 
characterized by this hole injection layer containing the aromatic amine content macromolecule which 
has the repeat unit expressed with the following general formula (I), and an electronic receptiveness 
compound in the organic electroluminescence devices by which the hole injection layer was formed 
between this luminous layer and the anode plate while the luminous layer pinched by an anode plate and 
cathode is formed on a substrate. 
[0015] 
[Formula 4] 
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B 1 R 3 



(i) 




[0016] (Arl shows among a formula the divalent aromatic series ring residue which may have the 
substituent. Ar2 and Ar3) the aromatic series ring machine which may have the substituent is shown 
respectively independently, and Rl, R2, and R3 show the aromatic series ring machine which may have 
respectively independently a hydrogen atom, the halogen atom, the alkyl group that may have the 
substituent, the alkoxy group which may have the substituent, or the substituent. Namely, the result 
wholeheartedly examined so that this invention persons may offer the organic electroluminescence 
devices which solve the conventional trouble and can maintain a stable luminescence property in an 
elevated temperature, By forming on a substrate the hole injection layer which consists of an aromatic ■ 
amine content macromolecule of the specific structure which contains an electronic receptiveness 
compound between an anode plate and a luminous layer in the organic electroluminescence devices 
which have the luminous layer pinched by an anode plate and cathode It came to complete a header and 
this invention for the above-mentioned technical problem being solvable. 

[0017] In this invention, it is mixing and using for a hole injection layer the aromatic amine content 
macromolecule and electronic receptiveness compound which have Tg 100 degrees C or more, and 
made it possible to improve the luminescence property of a component, and thermal resistance to 
coincidence. That is, by mixing an electronic receptiveness compound to an electron-donative aromatic 
amine content macromolecule, charge transfer happens, the electron hole which is a free carrier as a 
result generates, and the electric electric conductivity of a hole injection layer becomes high. The 
electric junction to a luminous layer and an anode plate is improved by forming the hole injection layer 
by this invention, and the stability at the time of a continuation drive also improves at the same time 
driver voltage falls. Moreover, the thermal resistance of a component is also greatly improved by using 
as the parent of a hole injection layer the aromatic amine content macromolecule which has Tg 100 
degrees C or more. And since this hole injection layer does not have absorption in a light field, it is 
suitable also for the component for a full color display. 

[0018] As for the aromatic amine content macromolecule of a hole injection layer, in this invention, it is 
desirable that the weight average molecular weight is 1,000-1,000,000. Moreover, as for the value which 
lengthened the electron affinity of an electronic receptiveness compound from the ionization potential of 
this aromatic amine content macromolecule, it is desirable that it is 0.7eV or less, and, as for the content 
of the electronic receptiveness compound in a hole injection layer, it is desirable that it is 0.1 - 50% of 
the weight of the range. 

[0019] As for an electronic receptiveness compound, in this invention, it is desirable that it is at least 
one sort of the compound expressed with the following general formula (II), especially the compound . 
expressed with the following general formula (III). 
[0020] 
[Formula 5] 





[0021] (X shows a halogen atom among a formula and Rings A, B, and C show respectively 
independently the benzene ring which may have the substituent.) 
[0022] 
[Formula 6] 
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(HO 



[0023] (X shows a halogen atom among a formula and R4 shows the alkyl group which may have the 

hydrogen atom, the halogen atom, and the substituent, a cyano group, or a nitro group.) 

[0024] 

[Embodiment of the Invention] With reference to a drawing, the gestalt of operation of the organic 
electroluminescence devices of this invention is explained below at a detail. 
[0025] the typical sectional view in which drawing 1 -3 show the gestalt of operation of the organic 
electroluminescence devices of this invention — it is — 1 — a substrate and 2 — in an electron hole 
transportation layer and 5, a luminous layer and 6 express an electronic transportation layer, and, as for 
an anode plate and 3, 7 expresses [ a hole injection layer and 4 ] cathode respectively. 
[0026] A substrate 1 serves as a base material of organic electroluminescence devices, and the plate of a 
quartz or glass, a metal plate, a metallic foil and plastic film, a sheet, etc. are used. The plate of 
transparent synthetic resin, such as a glass plate, and polyester, polymethacrylate, a polycarbonate, 
polysulfone, is especially desirable. To use a synthetic-resin substrate, it is necessary to care about gas 
barrier property. Since organic electroluminescence devices may deteriorate by the open air which 
passes a substrate when the gas barrier nature of a substrate is too low, it is not desirable, for this reason, 
one of the synthetic-resin substrates — the method of preparing precise silicon oxide etc. in one side or 
both sides, and securing gas barrier property is also one of the desirable approaches. 
[0027] An anode plate 2 is formed on a substrate 1. An anode plate 2 plays the role of the hole injection 
to a hole injection layer 3. This anode plate 2 is usually constituted by halogenation metals, such as 
metallic oxides, such as oxide of metals, such as aluminum, gold, silver, nickel, palladium, and 
platinum, an indium, and/or tin, and copper iodide, carbon black, etc. Formation of an anode plate 2 is 
usually performed by the sputtering method, a vacuum deposition method, etc. in many cases. 
Moreover, particles, such as metal particles, such as silver, and copper iodide, carbon black, a 
conductive metallic-oxide particle, etc. can be distributed in a suitable binder resin solution, and an 
anode plate 2 can also be formed by applying on a substrate 1. By different matter, a laminating is 
carried out and an anode plate 2 can also be formed. The thickness of an anode plate 2 changes with 
transparency to need. It is desirable to usually make the permeability of the light into 80% or more 
preferably 60% or more, when transparency is needed, and thickness is usually 20-500nm preferably 10- 
lOOOnm in this case. It is extent. When opaque and good, even when an anode plate 2 is the same as that 
of a substrate 1, it is good. Moreover, it is also possible to carry out the laminating of the different 
electrical conducting material on the above-mentioned anode plate 2. 

[0028] In this invention, a hole injection layer 3 is formed on an anode.plate-2 in the component 
structure of drawing 1 -3. As conditions required of the ingredient used for this hole injection layer 3, 
the hole- injection effectiveness from an anode plate 2 is high, and it is mentioned that it is the ingredient 
which can convey the poured-in electron hole efficiently. For that purpose, ionization potential is small, 
from the light of the light, transparency is high, hole mobility is large, it excels in stability further, and, 
moreover, it is required that it should be hard to generate the impurity used as a trap at the time of 
manufacture and use. It is especially the most important demand characteristics that ionization potential 
is low. It is a pan when the application for a mounted display is considered in addition to the above- 
mentioned general requirements. The thermal resistance of 100 degrees C or more is required. 
[0029] The organic electroluminescence devices of this invention are characterized by a hole injection 
layer containing the aromatic amine content macromolecule which has the repeat unit expressed with 
said general formula (I), and an electronic receptiveness compound. In addition, although this aromatic 
amine content macromolecule may be a polymer which consists of only repeat units expressed with said 
general formula (I), it may be a copolymer which includes other repeat units for Tg and other property 
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improvements. Moreover, the desirable weight average molecular weight of this aromatic amine content 
macromolecule is 1 ,000- 1 ,000,000. 

[0030] In this invention, it is mixing and using the aromatic amine content macromolecule and 
electronic receptiveness compound which have this Tg 100 degrees C or more, and made it possible to 
improve the luminescence property of a component, and thermal resistance to coincidence. That is, by 
mixing an electronic receptiveness compound to an electron-donative aromatic amine content 
macromolecule, charge transfer happens, the electron hole which is a free carrier as a result generates, 
and the electric electric conductivity of a hole injection layer becomes high. For this reason, the stability 
at the time of a continuation drive also improves at the same time the electric junction to a luminous 
layer and an anode plate is improved and driver voltage falls by forming such a hole injection layer. 
Moreover, the thermal resistance of a component is also greatly improved by using as the parent of a 
hole injection layer the aromatic amine content macromolecule which has Tg 100 degrees C or more. 
And since this hole injection layer does not have absorption in a light field, the spectrum of component 
original changes, or it does not color, and it is suitable also for the component for a full color display. 
[0031] In said general formula (I), Arl may be any of an aromatic hydrocarbon ring and an aromatic 
heterocycle. The divalent benzene ring in which Arl may have the substituent respectively preferably, 
Although it is a naphthalene ring, an anthracene ring, and a biphenyl and there is especially no limit as 
said substituent For example, alkenyl radicals of the carbon numbers 1-6, such as a halogen atom; 
methyl group and an ethyl group, such as an alkyl group; vinyl group; A methoxycarbonyl group, The 
alkoxy carbonyl group of the carbon numbers 1-6, such as an ethoxycarbonyl radical; A methoxy group, 
alkoxy group [ of the carbon numbers 1-6 such as an ethoxy radical, ]; - dialkylamino radicals, such as 
aryloxy group; diethylamino radicals, such as a phenoxy group and a benzyloxy radical, and a 
diisopropylamino radical, - desirable ~ the alkyl group of carbon numbers 1-3 - a methyl group is 
mentioned especially preferably. 

[0032] Ar2 and Ar3 are a phenyl group, a naphthyl group, an anthryl radical, a pyridyl radical, a triazyl 
radical, a pyrazyl radical, a quinoxalyl radical, a thienyl group, and a biphenyl radical respectively 
independently preferably, and these may have the substituent. although there is especially no limit as a 
substituent ~ alkyl group [ of the carbon numbers 1-6, such as a halogen atom; methyl group and an - 
ethyl group ]; — dialkylamino radicals, such as aryloxy group; diethylamino radicals, such as an alkoxy 
group; phenoxy group of the carbon numbers 1-6, such as an alkoxy carbonyl group; methoxy group of 
the carbon numbers 1-6, such as alkenyl radical; methoxycarbonyl groups, such as a vinyl group, and an 
ethoxycarbonyl radical, and an ethoxy radical, and a benzyloxy radical, and a diisopropylamino radical, 
are mentioned. 

[0033] R1-R3 are the alkoxy group; phenyl group; tolyl groups of the carbon numbers 1-6, such as an 

alkyl group; methoxy group of the carbon numbers 1-6, such as a hydrogen atom; halogen atom; methyl 

group and an ethyl group, and an ethoxy radical, respectively independently preferably. 

[0034] The aromatic amine content macromolecule concerning this invention which has the repeat unit 

expressed with said general formula (I) is compounded in the path currently indicated by JP,1- 

105954,A. 

[0035] Although the desirable example of the repeat unit which is expressed with said general formula 
(I) and which the aromatic amine content macromolecule of this invention has is shown in Table 1 - 3, it 
does not limit to these. 
[0036] 
[Table 1] 
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[0037] 
[Table 2] 
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[0038] 
[Table 3] 
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[0039] As an electronic receptiveness compound used combining an above-mentioned aromatic amine 
content macromolecule Be [ what is necessary / just although charge transfer is caused between these 
aromatic amine content macromolecules ], as a result of this invention persons inquiring 
wholeheartedly, ionization potential:IP (macromolecule) of an aromatic amine content macromolecule, 
The electron affinity of an electronic receptiveness compound (acceptor): When two physical-properties 
values of EA (acceptor) were expressed with the relational expression of IP(macromolecule)-EA 
(acceptor) <= 0.7eV, they found out that it was effective in the purpose of this invention. 
[0040] This is explained using the energy level diagram of drawing 4 . Generally, ionization potential 
and an electron affinity are determined on the basis of vacuum level. Ionization potential is defined by 
energy required to emit the electron in the HOMO (highest occupied molecular orbital) level of the 
matter to vacuum level, and an electron affinity is defined by the energy which the electron in vacuum 
level falls and stabilizes on the LUMO (minimum sky molecular orbital) level of the matter. 
[0041] In this invention, the ionization potential of the HOMO level of the aromatic amine content giant 
molecule shown in drawing 4 and the difference of the electron affinity of the LUMO level of an 
electronic receptiveness compound It is desirable that it is 0.7eV or less. Even if ionization potential 
amends the oxidation potential which direct measurement was carried out by photoelectron 
spectroscopy, or was measured electrochemically to a reference electrode, it is searched for. In the case 
of the latter approach, it is expressed with ionization potential = oxidation potential (vs.S C E) +4.3 eV 
when for example, a saturation calomel electrode (S C E) is used as a reference electrode ("Molecular 
Semiconductors", Springer- Verlag, 1985, 98 pages). An electron affinity deducts an optical band gap • 
from above-mentioned ionization potential, and is searched for, or is similarly searched for by the 
above-mentioned formula from electrochemical reduction potential. 

[0042] The relational expression of said ionization potential and electron affinity can also be expressed 
as reduction potential <= 0.7eV of the oxidation potential-acceptor of a macromolecule using oxidation 
potential and reduction potential. 

[0043] As for especially the content of the electronic receptiveness compound in a hole injection layer, 
in this invention, it is desirable that there is usually 0.1-50 % of the weight in 1 - 30% of the weight of 
the range to the sum total of an aromatic amine content macromolecule and an electronic receptiveness 
compound. 

[0044] Although especially limitation will not be carried out as an electronic receptiveness compound if 
the above-mentioned relation is filled They are the compound preferably expressed with said general 
formula (II), and the compound more preferably expressed with said general formula (III). Also in the 
compound expressed with said general formula (III), Substituent X especially Chlorine, it is halogen 
atoms, such as a fluorine and a bromine, and that whose R4 is the halo alkyl group; cyano group or nitro 
groups of carbon numbers 1-6, such as halogen atom; methyl groups, such as hydrogen atom; chlorine, a 
fluorine, and a bromine, and an ethyl group, is desirable. [, such as an alkyl group; TORIFURORO 
methyl group, ] In addition, any of the ortho position, the meta position, and the para position are 
sufficient as the permutation location of R4 to a main nitrogen atom. 

[0045] The compound shown below is mentioned as an example of an electronic receptiveness 
compound expressed with said general formula (III). 
[0046] 
[Formula 7] 
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[0047] Moreover, compounds other than a general formula (II) and (III) the compound expressed show 
the desirable example of the suitable electronic receptiveness compound for this invention with an 
abbreviation name below. 
[0048] 
[Formula 8] 
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[0049] In this invention, the hole injection layer 3 containing an aromatic amine content macromolecule 
and an electronic receptiveness compound is usually formed on said anode plate 2 by the applying 
method. For example, additives which do not become a hole trap as occasion demands, such as binder 
resin and a spreading nature amelioration agent, are added, it dissolves, a spreading solution is prepared 
and it applies on an anode plate 2 by approaches, such as a spin coat method and a dip coating method, 
and it dries to the specified quantity of the aromatic amine content giant molecule concerning this 
invention, and an electronic receptiveness compound, and a hole injection layer 3 is formed in it. 
[0050] thus, the thickness of the hole injection layer 3 formed - usually 5 - 1000 nm - it is 10 - 500 
nm preferably. 

[0051] A luminous layer 5 is formed on a hole injection layer 3. A luminous layer 5 is formed from the 
ingredient which recombines efficiently the electron poured in from cathode 7 in inter-electrode [ which 
was able to give electric field ], and the electron hole conveyed from the hole injection layer 3, and 
emits light efficiently by recombination. 

[0052] As long as it is the ingredient which fulfills such conditions, a luminous layer ingredient may be 
an organic high molecular compound, or may be an organic low molecular weight compound. 
[0053] As a luminous layer ingredient of a low-molecular system, metal complexes (JP,59-194393,A), 
such as an aluminum complex of 8-hydroxyquinoline, the metal complex (JP,6-322362,A) of a 10- 
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hydroxy benzo[h] quinoline, a bis-styryl benzene derivative (JP, 1-245087, A, 2-222484 official report), a 
bis-styryl arylene derivative (JP,2-247278,A), the metal complex (JP,8-315983,A) of benzothiazole (2- 
hydroxyphenyl), a silole derivative, etc. are mentioned, for example. Laminating formation of these 
luminous layer ingredients is usually carried out on a hole injection layer 3 by the vacuum deposition ' 
method. 

[0054] Being the purpose which changes the luminescent color, while raising the luminous efficiency of 
a component, for example, doping fluorochromes for laser, such as a coumarin, by using the aluminum 
complex of 8-hydroxyquinoline as a host ingredient (J.Appl.Phys., 65 volumes, 3610 pages, and 1989) 
is performed. As for the advantage of this approach, usable and ** are mentioned also for an usable and 

4 filmy fluorochrome with luminous efficiency bad [ the fluorochrome from which luminescence 
wavelength starts adjustable and 3 concentration quenching by selection of improvement and two 
fluorochromes ] by the fluorochrome of one well head. 

[0055] Also in the purpose which improves the drive life of a component, it is effective to dope a 
fluorochrome by using said luminous layer ingredient as a host ingredient. For example, a host 
ingredient is received in condensed multi-ring aromatic series rings (JP,5-198377,A), such as a 
naphthacene derivative (JP,4-335087,A) represented by rubrene, the Quinacridone derivative 
(publication-number 5 -No. 70773 official report), and perylene, by using metal complexes, such as an 
aluminum complex of 8-hydroxyquinoline, as a host ingredient. By doping 0.1 to 10% of the weight, the 
luminescence property, especially drive stability of a component can be raised greatly. Here, as the dope 
approach, there are an approach by vapor codeposition and the approach of mixing the source of vacuum 
evaporationo by predetermined concentration beforehand. 

[0056] As a luminous layer ingredient of a giant-molecule system, polymeric materials, such as Pori (p- 
phenylenevinylene) mentioned previously, Pori [2-methoxy-5-(2-ethylhexyloxy)-l, 4- 
phenylenevinylene], and Pori (3-alkyl thiophene), the system which mixed luminescent material and an 
electronic transition ingredient to giant molecules, such as a polyvinyl carbazole, are mentioned, the 
thickness of the luminous layer 5 by which applies these ingredients on a hole injection layer 3 by the 
approach of a spin coat, a DIP coat, etc. like a hole injection layer, and thin film formation is carried out 
and which is formed by doing in this way - usually — 10 - 200 nm — it is 30 - 100 nm preferably. 
[0057] In order to raise the luminescence property of a component, as shown in drawing 2 , making it a 
functional discrete type, such as forming the electron hole transportation layer 4 between a hole injection 
layer 3 and a luminous layer 5, or forming the electronic transportation layer 6 between a luminous layer 

5 and cathode 7 further, as shown in drawing 3 , is performed. 

[0058] In drawing 2 and the functional discrete-type component of drawing 3 , as an ingredient of the 
electron hole transportation layer 4, the hole-injection effectiveness from a hole injection layer 3 is high, 
and it is required to be the ingredient which can convey the poured-in electron hole efficiently. For that 
purpose, ionization potential is small, moreover, hole mobility is large, it excels in stability further, and 
it is required that it should be hard to generate the impurity used as a trap at the time of manufacture and 
use. It especially becomes important demand characteristics that hole mobility is large. 
[0059] The aromatic series diamine compound which connected the 3rd class aromatic amine units, such 
as a 1 and l-bis(4-G p-tolylamino phenyl) cyclohexane, as such an electron hole transportation 
ingredient, for example (JP,59-194393,A), The aromatic amine which two or more fused aromatic rings 
permuted by the nitrogen atom including two or more tertiary amine represented with 4 and 4 1 bis[ - ] 
[N-(l-naphthyl)-N-phenylamino] biphenyl (JP,5-234681,A), The aromatic series triamine which has 
starburst structure with the derivative of triphenyl benzene (U.S. Pat. No. 4,923,774), Aromatic series - 
diamines, such as N, N'-diphenyl-N, the N'-bis(3-methylphenyl) biphenyl -4, and 4'-diamine (U.S. Pat. 
No. 4,764,625), As the whole molecule, a triphenylamine derivative unsymmetrical in three dimensions 
(JP,4- 129271, A), The compound which the aromatic series diamino radical permuted by the pyrenyl 
radical (JP,4-175395,A), The aromatic series diamine which connected the 3rd class aromatic amine unit 
by ethylene (JP,4-264189,A), The aromatic series diamine which has styryl structure (JP,4-290851,A), 
What connected the aromatic series tertiary amine unit by the thiophene radical (JP,4-304466,A), 
Starburst mold aromatic series triamine (JP,4-308688,A), A benzyl phenyl compound (JP,4-364153,A), 
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the thing which connected tertiary amine by the fluorene radical (JP,5-25473,A), A triamine compound 
(JP,5-239455,A), a bis-dipyridyl amino biphenyl (JP,5-320634,A), N, N, and N-triphenylamine 
derivative (JP,6-1972,A), The aromatic series diamine which has phenoxazine structure (JP,7- 
138562,A), A diamino phenyl phenanthridine derivative (JP,7-252474,A), A silazane compound (U.S. 
Pat. No. 4,950,950 official report), a silanamine derivative (publication-number 6-No. 49079 official 
report), a phosphamine derivative (JP,6-25659,A), etc. are mentioned. These compounds may be used 
independently, and two or more sorts may be mixed and used if needed. 
[0060] In addition to the above-mentioned compound, polymeric materials, such as a polyvinyl 
carbazole, polysilane, poly FOSUFAZEN (JP,5-310949,A), a polyamide (JP,5-310949,A), a polyvinyl 
triphenylamine (JP,7-53953,A), a macromolecule (JP,4-133065,A) that has a triphenylamine frame, and 
polymethacrylate containing aromatic amine, are mentioned as an ingredient of the electron hole 
transportation layer 4. 

[0061] The electron hole transportation layer 4 is formed by carrying out the laminating of the above- 
mentioned electron hole transportation ingredient on said hole injection layer 3 with the applying 
method or a vacuum deposition method. 

[0062] In the case of the applying method, additives which do not become a hole trap as occasion 
demands, such as binder resin and a spreading nature amelioration agent, are added, it dissolves, a 
spreading solution is prepared and it applies on a hole injection layer 3 by approaches, such as a spin 
coat method, and it dries to one sort of an electron hole transportation ingredient, or two sorts or more, 
and the electron hole transportation layer 4 is formed in them. Here, a polycarbonate, polyarylate, 
polyester, etc. are mentioned as binder resin. Since it will reduce hole mobility if binder resin has many 
additions, little direction is desirable and its 50 or less % of the weight is usually desirable. 
[0063] The electron hole transportation layer 4 is formed on the substrate 1 with which the anode plate 2 
and hole injection layer 3 which a crucible is heated and the electron hole transportation ingredient was 
evaporated, and faced each other with the crucible and were placed after paying electron hole 
transportation ingredients to the crucible installed in the vacuum housing and exhausting the inside of a 
vacuum housing to about 10 - 4Pa with a suitable vacuum pump were formed in the case of vacuum 
evaporation technique. 

[0064] Thus, 10-300nm of thickness of the electron hole transportation layer 4 formed is usually 30- 
lOOnm preferably. Thus, in order to form the thin film uniformly, generally a vacuum deposition method 
is used well. 

[0065] Moreover, it is required for the compound used for the electronic transportation layer 6 that the 
electron injection from cathode should be easy and electronic transport capacity should be still larger. 
The aluminum complex of the 8-hydroxyquinoline already mentioned as a luminous layer ingredient as 
such an electronic transportation ingredient, OKISA diazole derivative (Appl.Phys.Lett., 55 volumes, 
1489 pages, and 1989) The system which distributed them to resin, such as a polymethyl methacrylate 
(PMMA), Phenanthroline derivative (JP,5-331459,A), 2-t-butyl -9, 10-N, and N'-dicyano anthraquinone 
diimine, n mold hydrogenation amorphous carbonization silicon, n mold zinc sulfide, n mold zinc 
selenide, etc. are mentioned. 5-200nm of thickness of the electronic transportation layer 6 is usually 10 - 
1 00 nm preferably. 

[0066] Cathode 7 plays the role which pours an electron into a luminous layer 5. Although the 
ingredient used as cathode 7 can use the ingredient used for said anode plate 2, in order to perform 
electron injection efficiently, the low metal of a work function is desirable and suitable metals or those 
alloys, such as tin, magnesium, an indium, calcium, aluminum, and silver, are used. As an example, low 
work function alloy electrodes, such as a magnesium-silver alloy, a magnesium-indium alloy, and an 
aluminium-lithium alloy, are mentioned. The thickness of cathode 7 is usually the same as that of an 
anode plate 2. 

[0067] It is the purpose which protects the cathode which consists of a low work function metal, and it is 
effective that a work function carries out the laminating of the stable metal layer to atmospheric air 
further highly on this, when increasing the stability of a component. For this purpose, metals, such as 
aluminum, silver, copper, nickel, chromium, gold, and platinum, are used. 
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[0068] Furthermore, it is the effective approach inserting ultra-thin insulator layers (0.1 -5nm), such as. 
LiF, MgF2, and Li20, in the interface of cathode 7, a luminous layer 5, or the electronic transportation 
layer 6 also raises the effectiveness of a component (Appl.Phys.Lett, 70 volumes, 152 pages, 1997; 
publication-number 10-No. 74586 official report;IEEE Trans.Electron.Devices, 44 volumes, 1245 pages, 
1997). 

[0069] Drawing 1 -3 are an example of the component structure adopted by this invention, and this 
invention is not limited to the thing of illustration at all. For example, it is also possible to carry out a 
laminating to the order of cathode 7, a luminous layer 5, a hole injection layer 3, and an anode plate 2 on 
the structure 1 contrary to drawing 1 , i.e., a substrate, and at least one side is able to prepare the organic 
electroluminescence devices of this invention between two substrates with high transparency, as 
mentioned already. Similarly, it is also possible to carry out the laminating of said each configuration 
layer to reverse structure also about what was shown in drawing 2 and drawing 3 . 
[0070] 

[Example] Next, although the example of an experiment, the example of comparative experiments, an 
example, and the example of a comparison explain this invention still more concretely, this invention is 
not limited to the publication of the following examples, unless the summary is exceeded. 
[0071] After ultrasonic cleaning and pure water performed the example of experiment 1 glass substrate 
by rinsing and isopropyl alcohol and the acetone performed desiccation, and UV / ozone washing with 
ultrasonic cleaning and desiccation nitrogen, the spin coat of the aromatic amine content macromolecule 
(homopolymer; weight average molecular weight 20,200 which consists only of a repeat unit show in 
the number (1) of Table 1; "an aromatic amine content macromolecule (l) 11 is call below glass- 
transition- temperature 116 degree-C;.) compounded by the approach as stated above carried out on the 
above-mentioned glass substrate on condition that the following. 
[0072] 

Solvent 1,2-dichloroethane coating liquid concentration 15 [mg/ml] 
Spinner rotational frequency 3000 [rpm] 
Spinner turnover time 20 [a second] 

Desiccation conditions The uniform thin film of 30nm thickness was formed of the spin coat of the 
nitrogen-gas-atmosphere mind ordinary temperature desiccation above. When the ionization potential of 
this thin film sample was measured using the ultraviolet-rays electronic analysis apparatus (AC-1) by 
Riken Keiki Co., Ltd., the value of 5.40eV was shown. 

[0073] TBPAH (tris(4-bromophenyl) aminium hexachloroantimonate) of an electronic receptiveness 
compound was mixed to the example of experiment 2 aromatic-amine content macromolecule (1), and . 
the spin coat was carried out on the glass substrate like the example 1 of an experiment on the following 
conditions. 
[0074] 

Solvent 1,2-dichloroethane aromatic amine content macromolecule (1) 15 [mg] 
TBPAH 3[mg] 

Coating liquid concentration 8 [mg/ml] 
Spinner rotational frequency 3000 [rpm] 
Spinner turnover time 20 [a second] 

Desiccation conditions The thin film which contains TBPAH with 23nm uniform thickness 17% of the 
weight with the spin coat of the nitrogen-gas-atmosphere mind ordinary temperature desiccation above 
was formed. The result of having measured the absorption spectrum for a visible region of this thin film 
sample is shown in drawing 5 . As shown in drawing 5 , the transparent film was obtained in the light 
field and it was checked that it is suitable for creation of the component for a full color display. 
[0075] In addition, since it is reported about the above-mentioned electronic receptiveness compound 
TBPAH that reduction potential is 1.06V[vs.S C E], an electron affinity is set to 5.36eV. Therefore, the 
difference with the ionization potential of the above-mentioned aromatic amine content macromolecule 
(1) is 0.04eV. 

[0076] The spin coat of the example of experiment 3 aromatic-amine content macromolecule (the 
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number of Table 1 (5); glass transition temperature of 138 degrees C) was carried out on the glass 
substrate like the example 1 of an experiment on the following conditions. 



Solvent 1,2-dichloroethane coating liquid concentration 5 [mg/ml] 
Spinner rotational frequency 2500 [rpm] 
Spinner turnover time 30 [a second] 

Desiccation conditions The uniform thin film of 30nm thickness was formed of the spin coat of the 
nitrogen-gas-atmosphere mind ordinary temperature desiccation above. When the ionization potential of 
this thin film sample was measured, the value of 5.17eV was shown. 

[0078] The glass substrate washed like the example 1 of example of comparative experiments 1 
experiment was installed in the vacuum evaporation system. It exhausted using the oil diffusion pump 
equipped with the liquid nitrogen trap after the oil sealed rotary pump performed rough exhaust air of . 
the above-mentioned equipment until the degree of vacuum in equipment became below 2xlO-6Torr 
(about 2.7x10 to 4 Pa). It vapor-deposited by heating the copper phthalocyanine shown with the 
following structure expression put into the molybdenum boat arranged in the above-mentioned 
equipment. The degree of vacuum at the time of vacuum evaporationo is 2xlO-6Torr (about 2.7x10 to 4 
Pa), and is an evaporation rate. The film of 20nm of thickness was formed in a second in 0.2nm /. 



[0080] The transparency spectrum for a visible region of this thin film sample is shown in drawing 5 . 
Since there was absorption in 550-700nm and the emission spectrum of component original changed as 
shown in drawing 5 , as for this film, it was shown that there is a problem in application for the 
component for a full color display. 

[0081] The organic electroluminescence devices which have the structure shown in example 1 drawing 2 
were produced by the following approaches. 

[0082] It is the indium stannic-acid ghost (ITO) transparence electric conduction film on a glass 
substrate. The usual photolithography technique and hydrochloric-acid etching are used for what was 
deposited 120nm (15ohms of sheet resistance [ Geomatec make; electron beam membrane formation 
article; ]). Patterning was carried out to the stripe of 2mm width of face, and the anode plate 2 was 
formed. The ITO substrate which carried out pattern formation was dried by the nitrogen blow after 
washing in order of ultrasonic cleaning by the acetone, rinsing by pure water, and ultrasonic cleaning by 
isopropyl alcohol, and, finally ultraviolet-rays ozone washing was performed. 
[0083] On this ITO glass substrate, the spin coat of the mixture of an aromatic amine content 
macromolecule (1) and TBPAH was carried out on the same conditions as the example 2 of an 
experiment, and the hole injection layer 3 which has the uniform thin film configuration of 23nm 
thickness was formed. 

[0084] Next, the substrate 1 which carried out spreading membrane formation of the above-mentioned 
hole injection layer 3 was installed in the vacuum evaporation system. It exhausted using the oil 
diffusion pump equipped with the liquid nitrogen trap after the oil sealed rotary pump performed rough 
exhaust air of the above-mentioned equipment until the degree of vacuum in equipment became below 
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2xlO-6Torr (about 2.7x10 to 4 Pa). The aromatic-amine compound shown with the following structure 
expression put into the ceramic crucible arranged in the above-mentioned equipment: It vapor-deposited 
by heating 4 and 4' bis[ - ] [N-(l-naphthyl)-N-phenylamino] biphenyl at 230 degrees C. The degree of 
vacuum at the time of vacuum evaporationo is 2.3x1 0-6Torr (about 3.1x10 to 4 Pa), an evaporation rate 
is 0.3nm/second, the laminating of the film of 60nm of thickness was carried out on the hole injection 
layer 3, and the electron hole transportation layer 4 was completed. 



[0086] Then, 8-hydroxyquinoline complex: aluminum (C9H6NO)3 of the aluminum shown with the 
following structure expression was vapor-deposited like the electron hole transportation layer 4 as an 
ingredient of a luminous layer 5. The crucible temperature of the 8-hydroxyquinoline complex of the 
aluminum at this time was controlled in 265-275 degrees C, the degree of vacuum at the time of vacuum 
evaporationo was 2.1xlO-6Torr (about 2.8x10 to 4 Pa), the evaporation rate was 0.3nm/second, and the 
thickness of the vapor-deposited luminous layer was 75nm. 
[0087] 

[Formula 111 



[0088] In addition, the substrate temperature when carrying out vacuum deposition of the above- 
mentioned electron hole transportation layer 4 and an above-mentioned luminous layer 5 was held to the 
room temperature. 

[0089] The component which performed the vacuum evaporationo to a luminous layer 5 is once taken 
out from the inside of said vacuum evaporation system in atmospheric air here. As the mask for cathode 
vacuum evaporationo The stripe-like shadow mask of 2mm width of face It was made to stick to a 
component so that it may intersect perpendicularly with the ITO stripe of an anode plate 2, and it 
exhausted until it installed in another vacuum evaporation system and the degree of vacuum in 
equipment became below 2xlO-6Torr (about 2.7x10 to 4 Pa) like the organic layer. Then, magnesium 
fluoride (MgF2) was first formed on the luminous layer 5 by 1.5nm thickness by evaporation rate [ of 
O.lnm/second ], and degree of vacuum 7.0x1 0-6Torr (about 9.3x10 to 4 Pa), using a molybdenum boat 
as cathode 7. Next, aluminum was similarly heated by the molybdenum boat and the aluminum layer of 
40nm of thickness was formed by evaporation rate [ of 0.5nm/second ], and degree of vacuum 1x10- 
5Torr (about 1.3x10 to 3 Pa). Furthermore, on it, in order to raise the conductivity of cathode, copper 
was similarly heated by the molybdenum boat, the copper layer of 40nm of thickness was formed by 
evaporation rate [ of 0.3nm/second ], and degree of vacuum lxl0-5Torr (about 1.3x10 to 3 Pa), and 
cathode 7 was completed. The substrate temperature at the time of vacuum evaporationo of the above 
three-layer mold cathode 7 was held to the room temperature. 

[0090] The organic electroluminescence devices which have the luminescence area part of 2mmxx2mm 
size as mentioned above were obtained. The luminescence property of this component is shown in Table 
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4. Setting to Table 4, luminescence brightness is a value in the current density of 250 mA/cm2, and 
luminous efficiency. The value in 100 cd/m2, and brightness/current are an electrical potential 
difference about the inclination of a brightness-current density property. The value in 100 cd/m2 is 
shown respectively. 

[0091] It is clearer than Table 4 that the component which emits light with high brightness and high 
luminous efficiency by the low battery was obtained. 

[0092] Moreover, the brightness fall when driving the heat resistance test of this component with high 
current density called 250 mA/cm2 estimates, and a result is shown in drawing 6 . As for drawing 6 , 
that this component is good also shows thermal resistance. 

[0093] As example 2 hole injection layer, using the aromatic amine content macromolecule (3) shown 'in 
Table 1 instead of the aromatic amine content macromolecule (1), what doped TBPAH 17% of the 
weight as an electronic receptiveness compound was formed by 30nm of thickness, and also the 
component was produced like the example 1 . The luminescence property of this component is shown in 
Table 4. 

[0094] It is clearer than Table 4 that the component which emits light with high brightness and high 
luminous efficiency by the low battery was obtained. 

[0095] Thickness of an example 3 electron-hole transportation layer was set to 20nm, and also the 
component was produced like the example 2. The luminescence property of this component is shown in 
Table 4. Moreover, the heat resistance test result of this component is shown in drawing 6 . 
[0096] It is clearer than Table 4 that the component which emits light with high brightness and high 
luminous efficiency by the low battery was obtained. Moreover, as for drawing 6 , that this component 
is good also shows thermal resistance. 

[0097] Example of comparison 1 hole injection layer was not formed, and also the component was 
produced like the example 1. The luminescence property of this component is shown in Table 4. 
Moreover, the result of a heat resistance test is shown in drawing 6 . From this result, compared with the 
component of an example 1, driver voltage was high and, as for the component of this example of a 
comparison, it was shown that it is inferior to thermal resistance. 

[0098] The copper-phthalocyanine layer of 20nm of thickness was formed as example of comparison 2 
hole injection layer, and also the component was produced like the example 1. The luminescence 
property of this component is shown in Table 4. Moreover, the result of a heat resistance test is shown in 
drawing 6 . From this result, compared with the component of an example 1, driver voltage was high 
and, as for the component of this example of a comparison, it was shown that it is inferior to thermal 
resistance. 
[0099] 



[Table 41 




[cd/m 2 ] 
@250mA/cm 2 


[/ m/W] 
(&100 cd/m 2 


[cd/A] 


IE 
[V] 

@100 cd/m 2 




5000 


1.05 


2.2 


6.7 




8000 


1.52 


3.0 


6.2 




9110 


1.93 


3.8 


5.7 




6500 


0.93 


2.7 


9.1 


tttt«2 


7240 


1.34 


2.5 


6.4 



[0100] 

[Effect of the Invention] According to the organic electroluminescence devices of this invention in 
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which the hole injection layer containing a specific aromatic amine content macromolecule and a 
specific electronic receptiveness compound was formed, a high luminous efficiency drive, by the low 
battery is possible, and, moreover, a component with good thermal resistance is offered as explained in 
full detail above. Moreover, since the hole injection layer concerning this invention does not have 
absorption in a light field, it is suitable also for the component for a full color display. 
[0101] Therefore, the technical value is large as a display device for mount as which the organic 
electroluminescence devices by this invention can consider the application to the light source (for 
example, the light source of a copying machine, the back light light source of a liquid crystal display or 
instruments) which employed the description as a flat-panel display (for example, the object for OA 
computers and a flat TV), or a field illuminant efficiently, the plotting board, and a beacon light to be, 
and high thermal resistance is required especially. 



[Translation done.] 
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